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Fig. 1. (a), (b), (c) are the electronic structures of the
crystal obtained from GGA+GoWy, GGA+U+GoWy,
and HSE06+Go Wy methods.

Kl 1 (c) N HSE06+GoWo Tt 545 2 1 BE 717 25
19, T LA 51, HSE06 2 GoWo 14 1EJ 1t 71 524 1
H3.15 eV, A N 3.09 eV, 5 HSE06 5 5

IRE AR L, BB BRISIE T 0.83 eV, A7 fR1E
1E70.80 eV. 5 HSE06 M RETTMILL, GoW 1&
IEJEReA I SR I B8l 7 1.37 eV, il =
# 1 0.57 eV. HSEO06 v 5 1 9% oK & 2 B 1z i 4 iy
BN 5.39 eV, GoWo B IEJE #2513 5.47 eV.

T In 7R O J& T Z A 444k, 53 In 03
RETr 45 M AR ST 4%, Bl 5 5 IS e A 2l T
SsHLIE (5 ¥E, ZPIE S O K 2s BIE 244k, M HF T
PIRE W E A In 4dPUE MO 2p PLiE 1L B b
. 7E—11 eV B —13 eV Z 1A H B R A 531 4
WNIE S In 4d AH G R A, RIS A0 5 B KB TR
I—HZ . BAXIHEB BT AR, MKEER
X —BrRedr, HM s KMEE DN Z . X
J& BN AR ST SR BUE A A ), AR SO In 1)
dFEEEALMNERIE. & GWBIE G it
HIGA AR 8 T IE, K GCGABIEN R R
%, GGA+U B IEMREREIR 2, HSE06+GoW, 12
IEM e E i, 7T LR B GoW, 15 IE 1 fiE & A
& IE AT I SE A8 RE A OC, SRR, B IEM
AE R . R B AT DLOR I 2R OK e 2 B O A B 1
Bk, W GGATTEIHE AR £, GGA+U
U5 A F AR L R 2, HSE064+-GoW, J7 3254t 5
2k 2. £ GGA+GoWo, GGA+U+GoW,
HSE06+GoWo =F 735, KA HSE06+Go W,
TFEIAT R 3.15 eV s, 5 SLI0ME 2.5-—3.75 eV

R R 19,

3.2 ETHEY

A BRI B A g ) 36 A T BRI OV A7) 38 3k 2 R
R A F - 25 A BRI R 2, S S T [T A R iy 4 ) % FG
FRIEIEAE B, InoO3 N E AT B F 4K, HOLE
J2 B BB (] HL 7 BRAT B = AR 1, 5N B b ] LU
I BB S5 KR IRRE. BT InoOg di R 1 25 8] 5 Bk
KTy, REAE vz, gy Fl 2z =N J7 1] B4 R AL
SEAHE). B2 45 T H BSE i E R K
PRI BE T RE AL I i 2R .

M 2 HET DLE B, S s e E s 2 D1,
D2, D3, D4 L4 Mg, EATTR R 6 T BE AT RA
3.86, 4.74, 5.4 F16.92 V. FEAKHE X A B8 Hse 3
B fE & 003 g oK, Mot R E K28 3.86 eV
Ik B B KA, BRI D1, 7F 3.86 eV 1 8.53 eV i
P, A FEL BRI SIS e S22 BB D' 1 B B KT /)

193101-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 19 (2015) 193101

%, (HIE4.74 eV AL HBLFH I D2, ASE1
R, ML FREEIAF8.53 eV &, A HL R H s
BEE T B EIG i 3ok

M 2 R DUE B, A H R ORI A P,
P2, P3, P4, P5IL5 /N0, BATX L) 1 B &=
XK 4.25, 4.88, 5.7, 6.22 F17.2 eV, FEAE R
4—8 eV IN. 2—4.5 eV LI, N H B BUE &
R 52 1 H N T S K, 7R K29 4.25 eV Ab 7R H
58 20 RSO IR PR, e T REEIA ) 5.7 eV I,
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Fig. 2. Real (solid) and imaginary (dot) parts of the
complex dielectric function of InpO3 (BSE method).
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30

25

a/pm~1!

hv/eV
3 (MTIEE) BSE KR BOEHE, Hoa yscieil
IO, b AT SRRSO 1
Fig. 3. (color online) The absorption spectrum of ex-

perimental results (a) and of using BSE method (b).
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AEE/eV
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AR T W s R R N-G-H [FRE 45 4)

Fig. 4. The fine structure of quasi-particle band struc-
tures of InoO3 (a and b), which along high symmetry
points N-G-H.
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*1 M BSE AR, AR A8 R BT AT
Table 1. The transition matrix elements obtained by
BSE method.
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Abstract

Indium oxide with its wide gap is a multifunctional semiconductor material, which has gained application in many
areas. Indium oxide films show high electrical property and high transparency, which have been applied in OLED
display, flat-panel display, thin film solar cells, etc. However, the mechanisms of both high electrical and high transparent
properties are still not clear up to now. So in this paper, the electronic structures of the In;Ogs crystals are studied
by GGA, GGA+U, HSE06 and GoW)j corrections. The mechanisms of optical transition and formation of transparent
electrode in Ina O3 crystals are studied using Hedin’s Go Wy approximation and the Bethe-Salpeter equation. The complex
refractive index, complex dielectric function and optical absorption spectrum of the In;Ogs crystal have been obtained,
which are in good agreement with experimental results. By analyzing the quasi-particle band structures, optical transition
matrix and optical absorption spectrum, the mechanisms of optical transition and formation of transparent electrode
in InpO3 can be interpreted. BSE (Bethe-Salpeter equation) calculation results show that the transition from I to
I is permitted, however, the transition probability is far less than that from Io to 1. This is because, for I's to I}
transition, there are three even symmetry bands and two odd symmetry bands, in which only the transition from two
odd symmetry bands to the conduction band is permitted. Other causes for this phenomenon are that in the In O3
primitive cell there exist some overlapping bands, which result in the false transition. Therefore, this work argues that
in the InoO3 crystals optical band gap is 4.167 eV, which corresponds to the direct transition from I'1o to I'1. This result

will help understand the mechanisms of optical transition and the transparent electrode in InyO3.

Keywords: GoWy-BSE method, quasi-particle band structure, optical properties, mechanism of absorp-
tion
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